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ABSTRACT 

Zn(I1) p r e c i p i t a t e d  w i t h  KOH w a s  found t o  be predomi- 
nan t ly  ZnO. A s l i g h t  temperature e f f e c t  under c e r t a i n  con- 
d i t i o n s  has  not  been v e r i f i e d .  Zn(I1) Prec ip i t a t ed  w i t h  

NH3 was found t o  be predominantly Zn(OH)Z; as much a s  92% 
of the p r e c i p i t a t e  was t h e  hydroxide i n  some cases .  

50% o r  more Cd(0H) *. 
e f f e c t  has  not  been v e r i f i e d .  

Cd(11) p r e c i p i t a t e d  w i t h  KOH w a s  found t o  be about 
The f a i r l y  pronounced temperature 

Ago decomposes a t  a de t ec t ab le  r a t e  a t  temperatures 
a s  low a s  80°. 
s t e r i l i z a t i o n  of dry-charged b a t t e r i e s  a t  temperatures 
above looo .  

T h e  r a t e  may be a ser ious  obs t ac l e  t o  heat.- 

a 
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OBJECTIVES 

The ob jec t ives  of t h e  con t r ac t  a r e  three-fold:  
(1) The c h a r a c t e r i z a t i o n  of cadmium and z i n c  anodic r e a c t i o n  

products.  

ment of t h e  ra te  of decomposition of Ago and Ag20 a t  
var ious  temperatures between l l O o  and 200° C .  

( 2 )  The thermal decomposition of s i l v e r  oxide and the  measure- 

(3) The depos i t ion  of s i l v e r  cathode ma te r i a l  on z inc  anodes. 
This r e p o r t  d e a l s  w i t h  p a r t s  of the f i rs t  two o b j e c t i v e s  and 

w i l l  be divided i n t o :  :(A) the  inves t iga t ion  of the  p r e c i p i t a t e s  
of Zn(I1)  and Cd(I1) formed by p r e c i p i t a t i o n  w i t h  a l k a l i n e  solu-  
t i o n s  and (B) thermogravimetric i n v e s t i g a t i o n s  of Ago. 

A. PRECIPITATION OF ZINC AND CADMIUM OXIDES 

Experimental 

Concentrated Zn(N03) 2 ,  KOH, and ammonia s tock  s o l u t i o n s  w e r e  
prepared, s tandard ized ,  and s tored  a s  previously descr ibed (1) . 
Concentrated Cd(N0 ) '  . s t o c k  so lu t ions  w e r e  prepared from J .T .  Baker  

Reagent Grade mater ia l :  t h e  f irst  s tock  s o l u t i o n  was s tandardized 
g r a v i m e t r i c a l l y  ( 2 )  w h i l e  subsequent s o l u t i o n s  w e r e  s tandardized 
polarographica l ly  ( 3 )  . 

Analysis of t h e  p r e c i p i t a t e s  f o r  t r i t i u m  w a s  described i n  
t h e  previous r e p o r t  (1). Analysis of superna tan ts  f o r  tritium 
was discont inued because a s a t i s f a c t o r y  i n t e r p r e t a t i o n  of the 

small d i f f e r e n c e s  observed has not  been developed. 

3 2  

P r e c i p i t a t e s  w e r e  analyzed f o r  z inc  by d i l u t i n g  an a l i q u o t  
of the re-dissolved p r e c i p i t a t e  t o  a convenient voiiiiiie an6 de- 

termining t h e  concent ra t ion  of z inc  iodometr ical ly  ( 4 ) .  More 
r e c e n t l y ,  z inc  w a s  determined polarographica l ly  (5) by d i l u t i n g  
50-A a l i q u o t s  of the  redissolved p r e c i p i t a t e  t o  25 m l  i n  an 
NH -NH C1. support ing e l e c t r o l y t e  and comparing the r e s u l t s  w i t h  

a predetermined c a l i b r a t i o n  curve.  P r e c i p i t a t e s  w e r e  analyzed 
for  cadmium polarbgraphica l ly  i n  a s i m i l a r  f a s h i o n .  

3 4  
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Severa l  groups of experiments were performed t o  determine 
t h e  r e l a t i v e  amounts of hydroxides i n  the p r e c i p i t a t e s  formed. 
1. p r e c i p i t a t i o n  of Zn(I1)  and Cd(I1) w i t h  equiva len t  KOH 

without environmental control .  Each experiment cons i s t ed  of 
t h r e e  o r  four  p r e c i p i t a t i o n s  from t r i t i a t e d  s o l u t i o n s  and one 
p r e c i p i t a t i p n  from an i d e n t i c a l ,  i n a c t i v e  s o l u t i o n .  S u f f i c i e n t  

3 s tock ,  t r i t i a t e d  water (H20) was added t o  the s a l t  s o l u t i o n s  t o  
provide a c t i v i t i e s  of about 6.5 X103 dpm/l of  s tock .  
millimoles of Zn(1I)  o r  Cd(1I) w a s  p r e c i p i t a t e d  by add i t ion  of 
an equiva len t  amount of  base.  The solid was separa ted ,  washed 
and, i n  some cases ,  d r i e d  by drawing a i r  through t h e  ma te r i a l  
on a s in t e red -g la s s  f i l t e r .  (Analysis of the p r e c i p i t a t e  f o r  
t h e  metal  ion el iminated the  need f o r  drying and weighing.) 
The s o l i d  was ld isso lved  i n  a s l i g h t  excess of 6 E HN03 and the 
s o l u t i o n  d i l u t e d  t o  exac t ly  25 m l  with water.  50-%por t ions  of 
each s o l u t i o n  were t r a n s f e r r e d  t o  counting v i a l s  conta in ing  15 m l  

of s c i n t i l l a t o r  sOlution f o r  t r i t i u m  ana lys i s .  Where app l i cab le ,  
50- 1 poreions were t r a n s f e r r e d  t o  t h e  polarograph ce l l .  
2 .  P r e c i p i t a t i o n  of Zn(I1)  and Cd(I1) w i t h  equiva len t  KOH under 
n i t roqen  a t  c o n t r o l l e d  temperatures.  
in an apparatus descr ibed i n  Figure 1. T h e  con ta ine r  w a s  immersed 
i n  a water ba th  h e l d  a t  a f ixed  temperature of 25O d0.3O o r  
55"&0.5O. 
N w a s  passed over t h e  sur face  while  t h e  equiva len t  amount o f  
s a l t  s o l u t i o n  w a s  added a t  a ra te  such t h a t  the temperature was 
h e l d  wi th in  t h e  d e s i r e d  l i m i t s .  
10 minutes a t  55' and about two hours a t  25O. 
the experiment was perforzed as described i n  1. above. 
3 .  P rec ip i t a t ion  of Zn (11) w i t h  "3.. Experiments were performed 
a s  descr ibed  i n  1, above except t h a t  "€I3 was added u n t i l  the pH 
of t h e  supernatant  reached a pre-se lec ted  value.  When t h i s  value 
w a s  between 7 and 8, l o s s e s  of Zn(I1)  i nd ica t ed  t h a t  excessive 

zh("3) 4 2+was formed. 
losses were small. 

F i f t y  

P r e c i p i t a t i o n  was performed 

The requi red  amount of base was placed i n  t h e  con ta ine r ,  

2 

P r e c i p i t a t i o n s  requi red  about 
T h e  remainder of 

Where the pH was between 6 and 6.5, 
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I 
Prel iminary experiments showed t h a t  C d ( I 1 )  could not  be 

completely p r e c i p i t a t e d  with NH3 a t  t h e  concent ra t ions  involved 
here .  
4 .  P r e c i p i t a t i o n  of Zn(I1) w i t h  excess KOH. Experiments w e r e  
performed as descr ibed i n  1. above except t h a t  s u f f i c i e n t  KOH 

was added t o  provide f i n a l ,  ca l cu la t ed  supernatant  concentra- 
t i o n s  of 1.0 - VF,2.0 VF, and 5.0 E KOH. N o  c o r r e c t i o n  was made 
f o r  zincate formation, 
5. Exchanqe of t r i t i u m  between water and Zn(I1) p r e c i p i t a t e .  
Dried,  weighed p r e c i p i t a t e  was added t o  a measured q u a n t i t y  of 
water i n  a c losed  cQntainer and st irred magnetically.  mere t h e  
p r e c i p i t a t e  i n i t i a l l y  contained t r i t i u m ,  t h e  water w a s  i n a c t i v e ;  
where t h e  p r e c i p i t a t e  was i n a c t i v e  i n i t i a l l y ,  t r i t i u m  was added 
t o  t h e  water. A t  i n t e r v a l s ,  50-apportions of supernatant  w e r e  
taken f o r  a n a l y s i s ,  The t o t a l  volume was co r rec t ed  f o r  sample 
removal. A t  t h e  end of t h e  run, t h e  t r i t i u m  and Zn(I1)  conten t  
of t h e  p r e c i p i t a t e  was determined. N o  attempt was made t o  c o n t r o l  
temperature,  

ResuJts and Discussion 

Any Zn(Op), formed should con ta in  an amount of t r i t i u m  
a c t i v i t y  which depends on t h e  amount of t r i t i u m  added, t h e  moles 
of hydrogen atoms added t o  t h e  system ei ther  a s  water o r  a s  
hydroxide,  and t h e  amount of Zn (OH) p r e c i p i t a t e d .  T h e  "expected" 
a c t i v i t y  i s  t h a t  which should be found i f  a l l  of the Zn(I1) 
formed t h e  hydroxide; i t s  c a l c u l a t i o n  has been described (1). 
T h e  r a t io  of t h e  a c t i v i t y  found t o  t h a t  expected should i n d i c a t e  
t h e  r e l a t i v e  amount of Zn(OH), i n  the p r e c i p i t a t e .  

Zn(N03) 
sugges t  a s i g n i f i c a n t  d i f f e rence  i n  t h e  Zn(OH)2 content  a t  the 
t w o  d i f f e r e n t  temperatures,  although condi t ions  w e r e  not  contl-olled 
c a r e f u l l y .  The r e s u l t s  shown f o r  t h e  second experiment comprise a 
combination af data from run& i n  which condi t ions  were changed 
w i t h i n  the ,  group. a The e f f e c t s  of these changes, i f  any, a r e  no t  
known. 

Table 1 summarizes t h e  r e s u l t s  where equivalent a m o ~ n t s  zf 
and W H  were mixed. Data from t h e  f i r s t  two experiments 
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Resul t s  from experiments 3 and 4 seem t o  c o n t r a d i c t  those o f  
t h e  f i r s t  t w o .  
t h e  temperature of the  p r e c i p i t a t i o n .  It must be remembered t h a t ,  
i n  t h e  seccmd group, Z n ( I 1 )  so lu t ion  was added t o  KOH s o l u t i o n ,  
temperature was c a r e f u l l y  con t ro l l ed  throughout t h e  p r e c i p i t a t i o n ,  
and a i r  w a s  excluded from t h e  system. I n  t h e  f i r s t  group, KOH 

w a s  added t o  t h e  Zn(1I)  so lu t ion  and l i t t l e  environmental c o n t r o l  
was exercised.  

The Zn(OH)2 content  appears t o  be independent of 

The apparent behavior observed i n  the f i r s t  group is  unex- 
pected. One would a n t i c i p a t e  t ha t  more Zn(OH)2 would be formed 
a t  t h e  low temperature. The second gmup  of r e s u l t s  seer~ib IIioLe 

reasonable.  The s tandard devia t ion  f o r  experiment 4 i s  high,  
thus  t h e  t r u e  averages may be even c l o s e r  than i s  ind ica ted .  

Table 2 shows the r e s u l t s  of  p r e c i p i t a t i n g  Zn(I1) w i t h  

NH3. Apparently, t h e  ma te r i a l  produced i s  predominantly Zn(OH)*. 
The percentage of  Zn(0H) reported may be low, because the amount 
of Zn(1I)  used t o  c a l c u l a t e  the  expected a c t i v i t y  was based on 
the weight of p r e c i p i t a t e  r a t h e r  than on an a n a l y s i s  f o r  Z n ( 1 I ) .  

Table 3 summarizes the r e s u l t s  of p r e c i p i t a t i n g  C d ( I 1 )  

w i th  KOH. Considerable amounts of Cd(0H) are apparent ly  formed. 
The f i n a l  washings taken from t h e  p r e c i p i t a t e s  contained a 
n e g l i g i b l e  amount of a c t i v i t y  which suggests  t h a t  t h e  a c t i v i t y  
found i n  t h e  p r e c i p i t a t e s  was he ld  t i g h t l y .  Note t h a t  the r e s u l t s  
of t h e  f i r s t  cadmium experiment a r e  a combination of d a t a  from 
t w o  d i f f e r e n t  types  of experiments. However, t h e  l a r g e  s tandard 
d e v i a t i o n  shownresul t s  from scatter i n  t h e  control led- temperature  
experiments.  

would expect ,  i . e . ,  Cd(0H) would be expected t o  be less stable 
a t  h ighe r  temperatures.  This effect  must be v e r i f i e d .  

The apparent temperature effect i s  the oppos i te  of what one 

Table 4 summarizes t h e  r e s u l t s  of a series of experiments 

i n  which t h e  supernatant  so lu t ion  contained excess KOH. Tempera- 
t u r e  and atmosphere were con t ro l l ed  only  approximately and r e l a -  
t i v e l y  few runs were made. It i s  d i f f i c u l t  t o  show any defiriite 

e f f e c t  although a t r e n d  might be pos tu la ted .  Again, there seems 
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t o  be formation of more hydroxide a t  the  h igher  temperature,  
There also seems t o  be some decrease i n  hydroxide a s  the  excess 
KOH increases. This  i s  too  s l i g h t  t o  be s i g n i f i c a n t  a t  t h i s  

po in t .  
i s  formed. 

The p a t t e r n  p e r s i s t s  t h a t  on ly  a small  amount of Zn(0m2 

The l o w  a c t i v i t y  found i n  t h e  z inc  p r e c i p i t a t e s  could be 

a r e s u l t  of  washing ou t  the  a c t i v i t y  i f  the exchange between the 

hydroxide and water is  r ap id .  T h i s  e f f e c t  does not  seem too  
l i k e l y  i n  view of t h e  experiments performed w i t h  NH a s  the p rec ip i -  
t a n t .  However, t h e  ra te  of exchange should be known. Severa l  
experiments t o  determine the exchange have been described above. 
The r e s u l t s  a r e  shown i n  Tables 5 and 6. 

3 

The loss  i n  supernatant  a c t i v i t y  ind ica t ed  i n  Table 5 i s  
too  small t o  be considered. However, t h e  g a i n  i n  a c t i v i t y  of 
t h e  p r e c i p i t a t e  i s  s i g n i f i c a n t ,  p a r t i c u l a r l y  when compared w i € h  

t h e  resu l t s  of Table 6 where t h e  f i n a l  p r e c i p i t a t e  con ta ins  about 
t h e  same a c t i v i t y .  The i n i t i a l l y  i n a c t i v e  p r e c i p i t a t e  gained 
a c t i v i t y  and t h e  i n i t i a l l y  a c t i v e  p r e c i p i t a t e  l o s t  a c t i v i t y  
whi le  both f i n a l l y  contained about the same a c t i v i t y .  From the 

s tandpoin t  of a chemical equi l ibr ium, one would expect the r a t i o ,  
As/Ap= K, where As i s  t h e  a c t i v i t y  of the supernatant  and A 

i s  the a c t i v i t y  of the p r e c i p i t a t e .  (These a r e  r a d i o a c t i v i t i e s  
r a t h e r  than chemical a c t i v i t i e s . )  T h e  two va lues  of K which 

would be c a l c u l a t e d  from the  d a t a  thus  f a r  d i f f e r  by about two 
orders of magnitude, A t  t h i s  p o i n t ,  one can only s ta te  t h a t  a 
measurable exchange ra te  e x i s t s .  

P 

Conclusions 

The experiments reported tiers tend t o  confirm t h a t  ZnO i s  
t h e  predominant spec ie s  formed when KOH and Zn(N0 ) a r e  mixed. 

There appears t o  be no temperature effect  when the z i n c  s o l u t i o n  
i s  added t o  t h e  KOH so lu t ion  while temperature is  c o n t r o l l e d  and 
a i r  excluded. 

3 2  

There may be a temperature effect  i f  the KOH s o l u t i o n  i s  

added t o  t h e  z i n c  s o l u t i o n  o r  i f  the r a t e  of mixing i s  changed. 
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The d a t a  suggest sQme temperature e f f e c t  i f  the  supernatant  i s  
s t rong ly  b a s i c  i n  the z inc  p r e c i p i t a t i o n s  and i n  the p r e c i p i t a t i o n  
of Cd (XI) with equiva len t  hydroxide. Furthermore, con t r a ry  t o  
expec ta t i an ,  t h e  e f f e c t  would suggest  tha t  the hydroxide i s  sta- 
b i l i z e d  a t  h igher  temperatures. These r e s u l t s  must be confirmed. 

roughly a t h i r d  pf t h e  exchange occurr ing  i n  the f i r s t  f e w  minutes 
when a c t i v e  Zn(OH)2 i s  the .  p r e c i p i t a t e .  
t h a t  s c a t t e r e d  resul ts  are caused by i r r ep roduc ib le  washing 
procedures,  

Exchange between t h e  p r e c i p i t a t e  and water does occur w i t h  

Thus it i s  poss ib l e  

Proposed Work 

Fur ther  p r e c i p i t a t i o n s  of ZnO and C d ( O H ) 2  w i l l  be performed 
under r i g i d l y  c o n t r o l l e d  condi t ions  of temperature and mixing 
rate.  Rates of exchange of both Zn(OH)2 and Cd(OH)2 w i l l  be 

determined i n  water and concentrated KOH. T r i t i a t e d  water w i l l  
be added t o  stock KOH i n  order  t o  determine whether exchange 
of t r i t i u m  between water and OH- p r i o r  t o  p r e c i p i t a t i o n  i s  re- 
qui red .  ZnO w i l l  be formed e l e c t r o l y t i c a l l y  and the amount of 
Zn (OH) determined. 

B. THERMAL DECOMPOSITION OF Ago 

Experimental 

The method of obta in ing  thermograms previously descr ibed 
(1) w a s  modified. Temperature was programmed w i t h  t h e  F and M 
Model 240M programmer f o r  a rate of 5O/min. T h e  hangdown tube  
w a s  lengthened t o  extend seve ra l  cen t imeters  below the  bottom of 
t h e  furnace.  The thermocouple lead-in was cemented i n t o  a cork 
s topper  which was mounted i n  t h e  bottom of the hangdown tube so 
t h a t  t h e  sensing element was about 3 mm below the  sample (See 

F igure  2 ) .  This  procedure d id  no t  prove s a t i s f a c t o r y  f o r  
constant- temperature  work because the  thermocouple was too f a r  
from t h e  hea t ing  element t o  prevent  s e r i o u s  temperature over- 
shoot  during i n i t i a l  adjustment. The thermocouple w i l l  be 



mounted between t h e  tube and t h e  hea t ing  element whenever temp- 
e r a t u r e  i s  Co be he ld  constant :  the system w i l l  be c a l i b r a t e d  t o  
r e l a t e  t h e  c o n t r o l  temperature t o  the sample temperature.  

The thermo- 
couple w a s  suspended i n s i d e  the  hangdown tube beside the sample 
support  w i r e .  The procedure was u n s a t i s f a c t o r y  because the sup- 
p o r t  w i r e  was a t t r a c t e d  t o  t h e  ceramic thermocouple-shield 'by 
s t a t i c  e l e c t r i c i t y :  when they  touched, severe  recorder  c h a t t e r  
r e s u l t e d .  The experiment w a s  terminated because of this noise .  

One sample was run a t  135O f o r  s e v e r a l  hours .  

R e s u l t s  and Discussion 

Figure 3 shows two thermograms of chemically-prepared Ago, 
each weighing about 25 m g .  T h e  r e s u l t s  w e r e  normalized so t h a t  
t h e  t o t a l  weight-loss i s  represented a s  1.000. 

Half of t h e  weight-loss occurred almost exac t ly  ha l f  way 
between t h e  s t e p  po r t ions  of the curve: t h i s  i s  q u i t e  d i f f e r e n t  
from r e s u l t s  obtained previously.  T h e  reason f o r  the d i f f e r e n c e  
has  not  been determined. I f  t h e  r e l a t i o n s h i p  can be made repro- 
ducibJe,  a means of determining mixtures of Ago and Ag20 may be 

poss ib l e .  
The curves show t h a t  t h e  ma te r i a l  begins  t o  l o s e  weight a t  

a s i g n i f i c a n t  r a t e  a t  about 80° and t h a t  t h i s  r a t e  i s  becoming 
important a s  low a s  120°. By 140°, the r a t e  i s  changing q u i t e  
r a p i d l y .  

p o r t i o n  a t  the  beginning of the curve r ep resen t s  a hea t ing  l a g  
i n  t h e  system. T h e  s t e e p  port ion of the curve was caused by a 
temperature-overshoot of abou t  10 . Beyond t h a t  d i s c o n t i n u i t y ,  
t h e  temperature remained 135" & 2 O .  

and v i r t u a l l y  l i n e a r  for  about 1 . 2  hours ,  then t h e  r a t e  slowed 
and appeared t o  approach some asymptotic value.  V i s i b l e  ev i -  
dence of m e t a l l i c  s i l v e r  suggests t h a t  t he  decomposition was 
cont inuing  but  a t  a very much slower ra te .  

p o i n t ,  t h e  weight-loss corresponded to  87% conversion of Ago 

Resul t s  of t h e  run a t  135O a r e  shown i n  F igure  4.  The f l a t  

0 

T h e  d e z s m p s i t i o n  was r ap id  

The experiment w a s  d iscont inued a f t e r  3.3 hours. A t  t h a t  
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to Ag20, although some conversion of Ag20 to Ag had already 
occurred. These results have yet to be checked. 

Conclusions 

Detectable decampsition of Ago occurs as low as 80° and 
may become significant between looo and 120°. 
composition to Ag20 occurs at 135O, the reaction being almost 
90% complete in about four hours. These factors must be considered 
if dry-charged Ag-Zn or Ag-Cd batteries are to be heat-sterilized. 

Fairly rapid de- 

Proposed Work 

Constant-temperature thermograms at various temperatures 
will be determined. The effect of light on the behavior of the 
decomposition will be investigated. 
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, 
Table 5 

Exchange of Tritium Between 
Prec ip i ta te  formed 

Time  (days) 

0 
0.17 
1.2 
2 . 2  
6 
7 

Water and 
with KL)H 

Supernatant 
A c t i v i t y  (dpm x 10°8) 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

Prec ip i ta te  
A c t i v i t y  (dpmhea) 

0 

3 3 . 6  x -10 
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Table 6 

Exchange of Tritium Between Water and "Zn (OH) 2'' 

3 
Prec ipi tate  formed with NH 

T i m e  (days) 

0 
0 (1) 

0.17 
1.2 
2.2 
6 

7 

Supernatant 
A c t i v i t y  (dpm x lom6) 

0 
0.55 
1.1 
1.4 
1.4 
1.5 
1.5 

Pr ec i p i  t a t  e 
Act iv i ty  (dpm/meq) 

4 3 . 7  x 10 

Sample taken immediately a f t e r  mixing water with 
prec ip i ta te .  
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N, out  

-N i n  2 

hermometer 

4 Stirrer 

- Solut ion t 

Figure  1. P r e c i p i t a t i o n  Vessel. 
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Sample support w i r e  

-Hangdown tube 
8 mm O.D. 

&---------Cork stopper 
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Figure 2 .  Configuration of Thermogravimetric Heater. 
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